Abstract-This paper proposes a new method to design a fuzzy adaptive controller for a class of multi-input multi-output (MIMO) non-affine nonlinear systems in which functions of the systems are unknown. The lyapunov stability of the closed loop system is guaranteed. The proposed controller is robust against uncertainty and external disturbance. An illustrative example shows the effectiveness of the proposed method and the simulation results are very promising.
I. INTRODUCTION
Nowadays, fuzzy adaptive controller (FAC) attracts many researchers to developed appropriate controllers for nonlinear systems because of the following reasons.
Due to its tunable structure, the performance of the FAC is superior that of the fuzzy controller.
Instead of using adaptive controller, FAC can use knowledge of the experts in the controller.
In the recent year, FAC has been fully studied as follow: 1. The TS fuzzy systems have been used to model nonlinear systems and then TS based controllers have been designed with guaranteed stability [16, 15] . To model affine nonlinear system and to design stable TS based controllers have been employed in [17] . Designing of the sliding mode fuzzy adaptive controller for a class of multivariable TS fuzzy systems are presents in [20] . In [18, 19] , the non-affine nonlinear function are first approximated by the TS fuzzy systems, and then stable TS fuzzy controller and observer are designed for the obtained model. In these papers, modeling and controller has been designed simply, but the systems must be linearizable around some operating points.
2. The linguistic fuzzy systems have been used to design controllers for nonlinear systems. [1, 25, 22] have considered linguistic fuzzy systems to design stable adaptive controller for affine systems based on feedback linearization and furthermore in [22] , it has considered that the zero dynamic is stable. Stable FAC based on sliding mode is designed for affine systems in [26] . Designing of the FAC for affine chaotic systems are presented in [23, 24] . To design stable FAC and linear observer for class of affine nonlinear systems are presented in [12, 11, 14, 13] . Fuzzy adaptive sliding mode controller is presented for class of affine nonlinear time delay systems in [2, 21, 6] . The output feedback FAC for class of affine nonlinear MIMO systems is suggested in [4] . [10] designed FAC for a class of affine nonlinear time delayed systems. The main incompetency of these papers is those restricted conditions. [27, 28] are involved stable FAC for class of non-affine nonlinear systems. The inefficiency of these papers is bad performance of the controller when the controller has not been adjusted. [29, 30] proposed a decentralized fuzzy model reference state tracking controller for a class of canonical nonlinear large scale system. The main limitations of these references are both considering the interaction as a bounded disturbance and availability of all states.
In this paper, we propose a new method to design an adaptive controller based on fuzzy systems for a class of non-affine nonlinear systems with guaranteed stability. The controller is robust against uncertainties, external disturbances and approximation errors.
The rest of the paper is organized as follows. Section 2 gives problem statement. General concept of the fuzzy systems is formulated in section 3. To design Fuzzy adaptive controller is proposed in section 4. Section 5 shows simulation results of the proposed controller and Section 5 concludes the paper.
II. PROBLEM STATEMENT
The following non-affine nonlinear system has been considered in this paper. The control objective is to design an adaptive fuzzy controller for system (1) 
imin idm f ,f  are known and constant. 
Define the tracking error vector as:
Taking the derivative of both sides of the equation (5) we have (7), we obtain
Using assumption (1), equation (11) and the signal v which is not explicitly dependent on the control input u , the following inequality is satisfied: (14), and does not recommend a technique for constructing solution even if the dynamics of the system are well known. In the following, a fuzzy system and classic controller will be used to obtain the unknown ideal controller.
III. FUZZY SYSTEMS
Figure (1) shows the basic configuration of the fuzzy systems considered in this paper. Here, we consider a multi-input, single-output fuzzy systems:
Consider that a multi-output system can be separated into a group of single-output systems.
The fuzzifier performs a mapping from a crisp input vector 12 [ , ,..., ]
T n x x x x  to a fuzzy set, where the label of the fuzzy set are such as "small", "medium", "large", etc.
The fuzzy rule base is consisted of a collection of fuzzy IF-THEN rules. Assume that there are M rules, and the l th rule is The fuzzy inference performs a mapping from fuzzy sets in U to fuzzy sets in V, based on the fuzzy IF-THEN rules in the fuzzy rule base.
The defuzzifier maps fuzzy sets in V to a crisp value in V. The configuration of Figure (1) represents a general framework of fuzzy systems, because many different choices are allowed for each block in Figure 1 , and various combinations of these choices will construct different fuzzy systems [8] . Here, we use the sum-product inference and the center-average defuzzifier. Therefore, the fuzzy system output can be expressed as The fuzzy systems in the form of (18) 
The output given by (18) can be rewritten in the following compact form:
where 12 ... 
IV. FUZZY ADAPTIVE CONTROLLER DESIGN
In Section 2, it has been shown that there exists an ideal control for achieving control objectives. In this section, we show how to develop a fuzzy system to adaptively approximate the unknown ideal controller.
The ideal controller can be represented as: (24) and (25) to rewrite the error equation (16) [30] . Theorem 2: consider the error dynamical system given in (26) for the large scale system (1) satisfying assumption (1), the external disturbances satisfying assumption (3), and a desired trajectory satisfying assumption (2), then the controller structure given in (24) , (25) with adaptation laws (27) makes the tracking error converge asymptotically to a neighborhood of origin and all signals in the closed loop system be bounded.
Proof: consider the following lyapunov function.
where 
Use (26), to rewrite above equation as:   
(29) Using assumptions (3), to rewrite (32) as follow. Remark 2. To guarantee the boundedness of the parameters in the presence of the approximation error, which is unavoidable, the proposed adaptive laws (27) is modified it by introducing a   modification term as follows: In this section, we apply the proposed fuzzy model reference adaptive controller to MIMO nonaffine nonlinear systems [27] where describe in equation (39). 1  1  1  2  1  2  3  2  2  2  2  1 2  2  2 sin( ) tanh( ) sin( ) ( ) In this paper, we propose a new model reference adaptive controller for a class MIMO non-affine nonlinear system. To apply knowledge experts in controller, Fuzzy systems are powerful tool in the controller design procedure. It has been shown that the derived adaptation laws guaranty the stability of closed-loop system, and asymptotic convergence of the tracking error to zero. Robustness against external disturbances and approximation errors, relaxing the conditions and using knowledge of experts are the merits of the proposed controller.
